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While DNA vaccination using 
plasmid vectors is highly attrac-

tive, there is a need for further vector 
optimization regarding safety, stabil-
ity, and efficiency. In this commentary, 
we review the minicircle vector (MC), 
which is an entity devoid of plasmid bac-
terial sequences, as an alternative to the 
traditional plasmid construct. The com-
mentary highlights the recent discovery 
by Stenler et al. (2014) that the small size 
of an MC enables improved resistance to 
the shearing forces associated with e.g. 
pneumatic delivery methods. This obser-
vation may have implications for the reg-
ulatory agencies’ requirement of plasmid 
integrity and quality.

Introduction

Plasmid-based vectors (pDNA) for 
gene delivery have received great attention 
as possible agents for vaccination, so called 
DNA vaccination. Among the advantages 
of using pDNA are the ease of both devel-
opment and production as compared with 
conventional vaccine manufacturing. 
Moreover, DNA vaccines are known to 
be very stable at room temperature, which 
is of significance for both transport and 
storage.1 Since the antigen is expressed 
from the pDNA the target cell, the result-
ing peptide is more likely to resemble the 
native form of e.g., a viral protein, with all 
the necessary post-translational modifica-
tions. However, also for pDNA, there are 
many hurdles to overcome. Safety, effi-
ciency, and stability are key features for 
any vaccine agent.

MC and Plasmid—Comparing the 
Vector Types

A pDNA vector consists of circular 
DNA containing an expression cassette 
with the gene of interest and regulatory 
sequences as promoter and polyadenyl-
ation signals, as well as sequences needed 
for propagation in the bacteria, such as 
origin of replication and selection mark-
ers. The selection marker is often a gene 
conferring antibiotics resistance, despite 
regulatory agencies recommending avoid-
ing these in production of plasmids for 
therapeutic use.2 The MC is a plasmid-
based vector for gene delivery contain-
ing only the expression cassette and thus 
devoid of bacterial sequences. There are a 
number of published systems for MC pro-
duction.3-8 In principle, a parental plasmid 
is constructed consisting of the eukaryotic 
expression cassette flanked by recombi-
nation sites. Outside these sites are the 
sequences needed for plasmid propaga-
tion in bacteria. Induction of recombina-
tion produces an MC, containing only the 
gene of interest with suitable regulatory 
sequences. A comparison of the advan-
tages of MC vs. plasmids and the corre-
sponding selected references are provided 
in Table 1.

A Safer and More Robust 
Construct

A reason for considering the MC as a 
safer alternative to the conventional plas-
mid is the avoidance of spreading antibi-
otic resistance. The recombination event 
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removes all bacterial sequences from the 
vector, including any antibiotic resistance 
genes used as selection markers; these will 
not be transferred into the patient when 
using an MC construct.

A less intuitive but important differ-
ence between a plasmid and an MC vec-
tor is the differential tolerance against 
shearing forces now reported by Stenler 
et al.9 While mechanical shearing of DNA 
forms the basis of many techniques in 
molecular biology, including next-gener-
ation sequencing, fragmentation of DNA 
is conversely the enemy of therapeutic 
approaches, including the use of DNA 
vaccines. Among the risks that WHO,10 
FDA,11 and EMA12 lists for the use of 
DNA vaccines is the hazard of integration 
into recipient’s chromosomal DNA with 
the resulting risk of insertional mutagen-
esis or spreading of antibiotics resistance 
genes. The probability of chromosomal 
integration increases if the introduced 
pDNA has been linearized.13 Any plas-
mid preparation will contain pDNA with 
different topologies: Super-coiled mate-
rial, open circular, and linear. This is the 
reasons that the regulatory authorities 
require the plasmid preparation intended 
for vaccination or gene therapy to contain 
a high percentage of supercoiled mate-
rial. In their “Considerations for Plasmid 
DNA Vaccines for Infectious Disease 
Indications,” the FDA recommends a 
minimum specification for supercoiled 
plasmid content of >80% whereas the 
Swedish Medical Products Agency only 
accepts a higher level of >85% and normal 

industry expectation for supercoiled plas-
mid levels are >90 or >95%.14

This is all well and good, but what 
about the quality of the construct after 
delivery, when it reaches the cell? In a 
recent study, Stenler et al. have inves-
tigated the fate of MC and pDNA after 
delivery trough mouse hide using pneu-
matics. Pneumatics is a promising method 
for vaccine delivery,15-17 although it is also 
associated with the shearing of DNA.15 
The MC, however, seems to be able to 
withstand these shearing forces to a much 
greater extent than the plasmid. In the 
study, the topology of a plasmid and an 
MC was compared after pneumatic deliv-
ery through mouse skin. What is perhaps 
most noteworthy is that the plasmid DNA 
is partially destroyed and does no longer 
met the FDA requirements of an 80% 
super-coiled fraction. The MC construct 
fared much better, with the nicked fraction 
beings ten times lower than for the full-
length plasmid construct. This shearing of 
the plasmid not only increases the risk of 
insertional mutagenesis but also results in 
a lower effective dose, since linearized and 
open circular topologies have been shown 
to have lower transfection efficiencies 
and expression.18,19 The Biojector results 
in the study by Stenler et al. corroborate 
with a study of the ability of MCs to resist 
shearing forces caused by sonication.20 In 
another report, the MC was dramatically 
more stable in serum as compared with 
full-length plasmids.21 This of course has 
implications for injection based delivery of 
the DNA vaccine.

Enabling a Higher Effective Dose

The MC’s smaller size also enables a 
higher effective dose. On a weight basis, 
an MC batch will contain more moles 
of vector, and thus a higher amount of 
expression cassettes, than the correspond-
ing amount of a plasmid, simply due to 
the removal of the bacterial plasmid back-
bone. This is an important feature for vac-
cine vector because, as Cai et al. note in 
their expert review,22 the amount of DNA 
required per vaccine dose is large, and this 
in a limited volume of a few milliliters or 
less.

Enhanced T-Cell Response

As previously reported by Dietz et al., 
the MC shows promise as a DNA vaccine 
vector.23 The MC showed a higher and 
prolonged expression in vitro and in vivo 
in mice and an enhanced immunogenic-
ity in vivo. In a challenge experiment, the 
MC vector conferred better protection 
and elicited a stronger antigen specific 
CD8+ T-cell response in a mouse model 
of listeriosis.

A prolonged gene expression has also 
been shown for other MC constructs in a 
gene therapy setting.5,9 This is thought to 
be due to less heterochromatin formation 
in the MC DNA as compared with plas-
mid, where the transcriptionally inactive 
plasmid backbone promotes heterochro-
matin formation and subsequent vector 
silencing.24,25

Conclusion

The MC construct shows great prom-
ise as a vector for gene delivery including 
DNA vaccination. In this commentary, we 
have discussed how its smaller size affects 
both the safety and the efficiency of the 
vector. Especially, we have pinpointed the 
increased resistance to shearing that the 
MC has shown. It is likely that the shear-
ing forces developed during pneumatic 
delivery are stronger than for most other 
DNA transfer technologies. However, 
irrespective of the mode of delivery, frag-
mentation is never completely absent. 
This suggests that whenever chromosomal 

Table 1. Minicircle (MC) vs. plasmid in biological assays

advantages of MC assay Selected references

Prolonged expression
Mouse liver gene therapy 
for human factor IX and 

alpha1-antitrypsin
Chen et al., 2003

enhanced serum stability Incubation in human serum Zhao et al., 2010

Improved shearing resistance Sonication and nebulization Cantanese et al., 2012

Stronger CD8+ t-cell 
response

Vaccine challenge in mouse model 
of listeriosis

Dietz et al., 2013

More robust supercoiled 
fraction

Biojection through mouse hide Stenler et al., 2014

Comparison of different properties of the MC and plasmid, with selected references.
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integrations are deemed undesirable, 
MCs would be preferable. Thus, in addi-
tion to the other advantages with thera-
peutic DNA preparations being devoid 
of prokaryotic sequences, the improved 
resistance to shearing forces identified by 
Stenler et al.,9 should now also be added to 
the list. It will be interesting to see whether 
this new finding will influence regula-
tory bodies in their continuous strive for 
the generation of safer therapeutic DNA, 
including vaccines.
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